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Missense mutations in the ^-amyloid precursor protein 
gen {APPi co-segregate with a small subset of auto- 
somal dominant familial Alzheimer's disease (FAD) 
cases wherein deposition of the 39-43 amino acid 
Amyloid (Ap) peptide and neurodegeneration are 
principal neuropathological hallmarks. To accurately 
examine the effect of missense mutations on APP 
metabolism and Ap production in vivo, we have 
Intr duced yeast artificial chromosomes (YACs) con- 
taining the entire -400 kbp human >*PPgene encoding 
APP harboring either the asparagine for lysine and leu- 
cine for methionine FAD substitution at codons 670 and 
671 (APPk670N/M67il)j the isoleuclne for valine FAD sub- 
stitution at codon 717 (APPyziTi) or a combination of 
both substitutions into transgenic mice. We demon- 
strate that, relative to YAC transgenic mice expressing 
wild-type APP, high levels of Ap peptides are detected 
In the brains of YAC transgenic mice expressing human 
APPk67on/M67il that is associated with a concomitant 
diminution in the levels of a-secretase-generated 
soluble APP derivatives. Moreover, the levels of longer 
Ap peptides (species terminating at amino acids 42/43) 
are elevated in YAC transgenic mice expressing human 
APPv7i7i- These mice should prove valuable for detailed 
analysis of the in vivo effects of the APP FAD mutations 
in a variety of tissues and throughout aging and for 
testing therapeutic agents that specifically alter APP 
metabolism and Ap production. 

INTRODUCTION 

Alzheimer's disease (AD), the most commcwi cause of dementia 
in ttie elderly, is a major source of disability and death. Genetic 



investigations have identified several etiologies for AD 
(reviewed in 1), including: a dosage imbalance for chromosome 
21, as occurs in Down syndrome (DS); mutations in the 
P-amyloid precursor protein gene (APP) on chromosome 21. the 
presenilin 1 gene on chromosome 14 and the presenilin 2 gene on 
chromosome 1 in autosomal dominant early onset familial AD 
(FAD); inheritance of the apolipoprotein E4 allele on chromo- 
some 19 as a genetic risk factor for both late onset FAD and 
sporadic AD. A principal cytological hallmark of all AD cases is 
parenchymal deposits of p-amyloid (AP), a 39-43 amino acid 
peptide derived from APP (2). 

The APP gene encompasses 18 exons and -400 kbp of DNA 
that gives rise to at least four tissue-specific alternatively spliced 
transcripts that encode proteins of 695. 714. 751 and 770 amino 
acids (3-7), APP, a type I integral membrane glycoprotein of 
unknovm function, matures through the constitutive secretory 
pathway and is processed by several pathways, including: 
cleavage by a-secretase at position 16 of Ap, resulting in 
secretion of the APP ectodomain, thus precluding AP formation; 
degradation through endosomal— lysosomal pathways; cleavage 
by P- and y-secretases at the N- and C-termini of Ap respectively, 
resulting in production and secretion of AP peptides (reviewed in 
8). Missense mutations in APP occur in a small subset (<5%) of 
individuals with early onset FAD. In two large related FAD 
pedigrees in Sweden (9) a double mutation at codons 670 and 67 1 
(of APP-770) results in substitution of lysine for asparagine and 
methionine for leucine ( APPk670N/M67 i l) . In - 1 2 FAD pedigrees 
(10-16) mutations within the transmembrane domain lead to 
substitutions of either isoleucine, phenylalanine or glycine for 
valine at residue 717 of APP-770 {APPv7i7i, APPv717f and 

APPv717G). 

Studies of transfected ceUs have provided enormous insights 
into the mechanism(s) whereby the FAD mutations affect APP 
processing and AP production. For example, cells expressing 
APPk670N/M67IL secrete higher levels of all AP-containing 
peptides as compared with cells expressing wild-type (wt) APP 
(17-19); concomitandy. a-secretase-generated soluble APP 
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ofS^^^as weU as intnx.uc.ion of the linear molectd^ 

nlJ^id to the corresponding genomic sequence on the YAC. (B) Subsequent ^^^^""r^^^p yaC and four lepiesentative ES transfoimants (see Table 1) were 
S^Tmu^ (C) «gh molecular wei^t ''NA horn a y^^a^ ^ ^ ^Hown sizes of 

digested with Hmdin. transferred "yl?* '»°"''^^^]'2„^^^^ RT-Poi analysis with apprapriate mouse (mAPP) and human (hAPP) plasm.d 

rl^rc^^ (S.^^^^'S^ "toretfs "^ (368 bp) and mou. (516 bp) ptoducts. 



derivatives are diminished (17). In addition, cells expressing the 
APP7,7SubstitutionsspecificaUysecreteelevatedlevelsoflon^r 

AB oeotides (20), extending to residues 42 and/or 43 
CvBl-42(43)]. Evidence that Api-i2(43) is a highly pathogenic 
A6 species derives from biophysical studies showmg the hi^ly 
fibrilSenic nature of the peptide and i««"""«=y|«?^™^f, 
studies of brains of AD and DS individuals, deinons^ting Aat 
Api-42(43) peptides are deposited relatively early m the disease 

^^N^erous standard transgenic mice have been generated that 
express various wt and muta.it APP cDNAs or gene fra^^nts 
from a variety of promoters (reviewed in 25; see also 26-28). 
Although theie studies have revealed that APP transgemc mice 
can develop age-related Ap deposits, they have not specifically 
and accurately examined the effect of the regulated exp^«°" °f 
APPeA-7nN/M67iL and APPv7i7l on the metaboUsm of APP and 
^^SStrast, our ^orts were designed to introduce the 
entire -400 kbp human APP gene harboring the FAD mutauons 
into the germline of transgenic mice, thus allowing for the proper 
spatial temporal expression of mutant APP with appropriate 
sjuce donor and acceptor sites needed to generate the enme 
^tnim of alternatively spliced APP transcnpts and enc^ed 
proteins. A 650 kbp yeast artificial chromosome (YAC) 
containing the APP gene was mutagenized usmg a homologous 
recombination strategy in yeast, inttpduced "Jto niouse 
embryonic stem (ES) ceUs by Upid-mediated transfecuon and 
finally transferred into the mouse germhne. In bram and 
peripheral tissues of tiiese mutant APP YAC transgemc mice high 
levels of human APP mRNA and pr6tein are expressed m a 
manner that minors the spatial and temporal expression pattern 
of endogenous mouse APP gene products. Furthermore. elevat«l 
levels of AB peptides are detected in the brains of YAC transgemc 
mice expressing human APPk670N/M671L. with a concomitant 



decrease in levels of soluble a-secretase-generated APP 
derivatives as compared with mice expressmg sunilar levels otwt 
APP Hnally. we demonsti-ate that elevated levels of longer Ap 
peptides are detected in YAC transgenic mice expressmg human 
APPV717I- 

RESULTS 

Mutagenesis of Ai*P YACs 

nie APPK670N/M671L and the .APPv7.7i FAD n^umtions^^^^ 
introduced into a YAC containing the entire wt 400 kb human 
APP eene and -250 kbp of fianking sequences with muluplc 
neomycin resistance expression cassettes in the YAC vector arm 
by homologous recombination in yeast (29) Bnefly. genomic 
sequences containing the APP exons (16 and V?) to be 
mutagenized were subcloned by screening an APP YAC genonuc 
sub-library with exon-specific PCR products. The mutations m 
exons 16(APPK670N/M67lOand 17 (APPv7i7l) were m«,duc^ 
into the respective genomic fragments usmg PCR-basea 
mutagenesis strategies and then subcloned into the yeast vector 
d680 p680 contains the yeast Uu2 gene, which permits growth 
in theVbsence of leucine, and the Cyh2 gene, which confers 
sensitivity to cycloheximide (30). Finally, two-step gene 
replacement was performed in yeast to introduce the mutated 
Jpp^enomic sequences into the 650 kbp APP YAC (Fig. lA 
and B). YACs containing the mutated APP genomic sequences 
were identified by restriction digestion and sequencmg ol 
exon-specific PCR products. whUe the integrity of the mutant 
YACs was confirmed by restriction digestion. Souths analysis 
and puls^d-field gel electrophoresis of yeast genomic DNA (dao 
not shown). Intect YACs were identified containmg the 
APPK670N/M671L and APPv7i7l FAD rhutations separately or 
both mutations together. 
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Table 1. Mutant APP YAC ES clones 



Colony* Mutation 



Py8.9e Wild-type 

J 1 2 K670N/M67 1 L + V7 1 71 

il.6 K670N/M67IL 

J 1. 22 K670N/M671L 

J i -38 K670N/M67 1 L + V7 1 71 

JI.46 V717I 

J 1 .58 K670N/M67 1 L + V7 1 71 

J1.80 V717I 

JL88 V7I7I 

J 1 .96 K670N/M67 1 L + V7 1 71 

R 1 . 1 7 K670N/M67 1 L + V7 1 71 

R1.30 V7I7I 

RI.38 V717I 

Rl-40 K670N/M67IL 

R 1 .46 K670N/M67 1 L + V7 1 71 
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-An additional 21 J' and eight R I ES clones contained a majority of .he muumtAPP YAC. but were no. injected imo mouse blastocysts 
"^Relative amounts of APP mRNA as determined by RT-PCR (5). oiasiocysis. 
=Intactness of >4/« repetitive element profile as detemiined by Southern blot analysis (5) 

^opy number determined by Southern blot analysis with an AFP exon 7 probe that recognizes both mouse and human APP 

Generated in a previous study (5). r^rr. 



Introduction of mutated AFP YACs into ES cells and mice 

The results of our transfection studies with mutant /IP/* YACs are 
presented in Table 1. Purified and concentrated mutated APP 
YAC DNA was introduced into both Jl and Rl ES ceils by 
lipid-mediated transfection of suspension cultures generating 83 
and 48 G418'' lines respectively. Twenty one J 1 and 13 Rl lines 
were positive for a majority of the YAC by PCR, including the 
APP promoter, exon 7, exon 16 and exon 17, and Alu repetitive 
element PCR (data not shown). The copy number and integrity of 
the APP YACs in the resulting ES lines (Table 1 ) was determined 
by extensive restriction analysis and hybridization with APP 
(data not shown) and human Alu probes (Fig. IC) respectively. 
Integration of YACs containing mutated i4P/'. sequences was 
confinned by PCR and restriction analysis. Expression of human 
APP mRNA was determined by reverse transcription-PCl^ 
(RT-PCR) analysis (Fig. ID) with degenerate primers that span 
the first six exons of mouse/human APP mRNA (5). Several lines 
were subsequently introduced into mouse blastocysts and 
numerous chimeras ranging ftx)m 10 to 90% ES cell conuibution 
were generated. To date, five separate lines have transmined ES 
DNA through the germline. 

APP expression in mutant YAC transgenic mice 

The expression of human APP was examined in several mutant 
APP YAC transgenic mice, including line J 1.96 (which contains 
both the APPK670N/M671L and APPv7i7i mutations) and line 

APPK670N/M671L mutation). 
KT-PCR analysis witfi degenerate primers that span the first six 
exons of mouse/human APP mRNA (5) revealed that the J 1.96 
line, containing a single copy of the mutant APP YAC. expressed 
human APP mRNA at levels similar to endogenous mouse App 



mRNA m brain (Fig. 2, lane 6) and peripheral tissues (Fig 2; lanes 
9, 12 and 15), while line RL40, containing -6-8 copies of the 
mutant APP YAC, expressed human APP m.RNA at levels ~2- to 
3-fold above endogenous App m.RNA in all tissues examined 
(Fig. 2. lanes 7, 10. 13 and 16). Additional RT-PCR experiments 
(5) with degenerate primers that flank the most common 
alternatively spliced APP exons (7 and 8) demonstrated that the 
levels of transcripts that encode human APP-695, -751 and -770 
m selected tissues paralleled the levels of alternatively spliced 
mouse App u-anscripis in all transgenic lines examined (data not 
shown). 

APP processing in mutant YAC transgenic mice 

Expression of human APP-re!ated derivatives in brains of mutant 
APP YAC transgenic mice was examined by Western blot analysis. 
We demonstrate that in membrane fractions of brains from line 
J 1.96 accumulation of full-length mutant human APP. recognized 
by antibody CT-15 specific for the terminal 15 amino acids of 
mouse and human APP (Fig. 3A, lane 3). is essentially 
indistinguishable from the level of wt human APP (5) in YAC 
transgenic line Py8.9 (Fig. 3 A, lane 2). However, the levels of an 
-13.5 kDa fragment that likely represents a P-secretase generated 
C-terminal peptide extending ftx)m the N-temiinus of Ap to the end 
of the APP cytoplasmic tail is slighUy elevated in membrane 
fractions of the JL96 line (Fig. 3B, lane 3) relative to brains of 
anmials expressing wt human APP (Fig. 3B. lane 2). whereas an 
-12 kDa fragment that likely represents the a-secretase-generated 
C-terminal fragment remains unchanged 

These data are consistent with our earlier demonstration that 
cultured cells expressing APPk670N/M671L -accumulate elevated 
levels of a C-tenminal -13.5 kDa fragment generated following 
cleavage by P-secretase (17). Reinforcing this view, we also 
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FiPure 2 Analysis of AFP mRNA expression in mutant AFP YAC transgenic 
To;ar^A Lm the bnun (lanes ^7). kidney (lanes S-lOMestes (lanes 
n!!3S^0anesl^l6)ofa2-monthK>ldcontn)l^ 
^mlTil ^containing both the APPk670N/M67 i and APPv7,7l mutattoi^ 
^d a mouse ftom line R1.40 (containing the APPk670N^671 7^"«">;^ 
subjected to RT-PCR analysis with appmpnate mouse (mAPP). human (h^H 
a^dTo template controls (lanes 1-3). Because the sense pnmer is ^^P-^^eled 
Tmese experiments, the gel was dried and bands quanutated by 
phosThorimTmgtec^^^^^^^ 

of mouse and human APP mRNA m the bram. while Ime P^"^ 
3-foXgher levels of human A/>/> mRNA relative to mou^ App mRNA^^ 
the right %c shown the sizes of the expected human (568 bp) and mouse 
(516 bp) products. 
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Figure 3. Soluble and ceU-associated APP-derived molecules mAP£ YAC 
cSnic mouse brain. Soluble (S2 fraction) and ceU-assocated CP2 fracuoiO 
extracts from the brains of 3.month^ld control (ClU lane 1 ). wild-type 
nVT line Py 8 9- lane 2) and mutant (line J 1 .96, containing both APPk670N/M67 i 
and 'APPv7ni mutations, 'and line R1.40, containing the APPk670N/M671 
^ta^^ 3 and 4) APP YAC transgenic r^ce ^^J^^^^^fj^ 
Western blot analysis (1736). P2 extracts subjected ^^^S-PAGE (A) and 
Tris-Tricin^AGE (B) were visualized with annbody CT-15 (recognmng ihe 
C-terminal 15 amino acids of mouse and human APP). while S2 extracu (C) 
subjected to SDS^AGE were visualized with antibody p2-l (recopuzmg^ 
^i^in the N-tenninus of human APP). On the right are shown the 
approximate sizes in kDa. 

document that the amount of the same p-secretase-generaied 
fragment accumulates to very high levels in line Rl.^ nuce 
overexpressing high levels of human APPk670N/M671L (Pig- 3b, 
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Figure 4. Levels of a-secreiase^leaved APP in mutant APP YAC transgenic 
mouse brain. Soluble (S2 fraction) extracts from the brains of 4-monihK>ld 
control «rrL; lanes 7 and 8). wild-type (WT, line Py8.9: l^es 4 and 5) and 
mutant (line JL96, containing both APPk670N/M67 l and APPv7l7l '""^^^^"f^ 
lanes 6 and 9) APP YAC transgenic mice (5) and a-secretase^!eaved APP 
standards (lanes 1-3) were subjected to Western blot analysis Parallel blots 
were visualized with antibody 6E10 (recognizing a-secretase cleaved human 
APP- 32) and a horseradish peroxidase tagged antibody (data not shown 
against full-length APP Blots quantified with »25i_|abeled protem A revealed 
an -40-50% reduction in a-secretase-cleaved products m mutant Ime J 1 .96 
relative to wt when normalized to the full-length APP signal. On the nght are 
shown the approximate sizes of the molecular weight markers in kDa. 



lane 4). Interestingly, the steady-stale levels of full-length human 
APP in line R1.40 (Fig. 3A, lane 4) is -3-fold higher than 
endogenous App (Fig. 3A, lane 1), a finding that parallels the 
RT-PCR studies shown in Figure 2. 

Analysis of soluble APP derivatives (APP^) in brains of mutant 
APP line Jl .96 (Fig. 3C, lane 3) and wt APP line Py8.9 (Fig. 3C, 
lane 2) using an antibody specific for epitopes in the N-terminus 
of human APP failed to reveal a significant difference in total 
APP^ between these lines. However, commensurate with an 
elevation of p-secretase-generated C-terminal fragments in the 
brain of line R1.40. we observed elevated levels of accumulated 
APP^ (Fig. 3C, lane 4). We extended this analysis to examine the 
levels of a-secretase-generated soluble derivatives in lines J 1 .96 
and Py8.9, expressing essentially identical levels of mutant and 
wt human APP respectively. Western blot analysis of soluble 
fractions (S2) from brains revealed an -50% decrease in^ 
steady-state levels of a-secretase-generated human APP 
derivatives in the J 1. 96 line relative to line Py8.9 (Fig. 4), tlus 
despite our demonstration that the total levels of APF appeared 
unchanged between the mutant and wt transgenic lines (Fig. 3C^ 
Although decreased a-secretase processing of mutant 
APPK670N/M67iLappears surprising, these dam are fully™ 
with our earUer ceUular iransfection studies which documented ttiai 
one effect of the APPk670N/M67 i l mutation is to enhance cleavage 
at the P-secretase site in the Golgi compartment (17). As a result, 
a fraction of APP molecules which would nontially.be cleared by 
a-secretase at the plasma membrane would be effectively disabled 
by the prior action of p-secretase. Hence, in the medium of ceUs 
expressing APPk670N/M671L the level of a-secret^ denvauves 
are considerably diminished relative to the medium of cells 
expressing similar levels of wt APP. 

Ap production in mutant APP YAC transgenic mice 

Levels of Ap were quantified using sandwich enzyme-linked 
immunosorbem assays (ELISAs) (20). Analysis of brain 
homogenates demonstrated an increase both m the amount ot 
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F gure 5. Uvels of various AP peptides in APP YAC transgenic mouse brain. 
Brain extracts from a 3-month-oId control, wild-type (WT, line Py8.9) and 
mutant Cine Jl.96, containing both the APPk670N/M671 and APPvtiti 
mutations, and Ime R 1 .40, containing the APPk670N/M67 1 mutation) APP YAC 
transgenic mice (5) were subjected to a sensitive sandwich ELISA that detects 
the various Ap peptides [shown are total Ap and ApX-^2(43)). Levels are 
expressed as pmol/g relative to control standardized peptides. 



total soluble Ap and the proportion of longer Ap 1-42(43) in the 
mutant APP Jl.96 line compared with the wt APP line Py8.9 
(Fig. 5, ApX-42(43) is 40% of total Ap in line JL96 compared 
with 20% for line Py8.9). Moreover, a dramatic increase in both 
total Ap and AP 1 -42(43) species was observed in line R 1 40. Our 
preliminary studies of [^^SJmethionine-labeled primary cortical 
neuronal cultures and immunoprecipitation of AP from 
conditioned medium revealed a substantial increase in AP in the 
mutant APP line Jl.96 relative to wt APP line Py8.9 or control 
cultiires (data not shown). These in vivo results, similar to those 
obtained in cell culture experiments and human piasma. suggest 
that the effect of the APPk670N/M67 i L FAD mutation is to enhance 
P-secretase cleavage, resulting in increased production and 
secreuon of Ap, while the APPyvi?! mutation appears to 
influence processing at the y-secretase site in a manner that 
elevates the levels of secreted AP 1-42(43). 

DISCUSSION 

Ap, the principal component ot parenchymal amyloid deposits in 
AD, is derived from the integral membrane glycoprotein APP. 
Several mutations have been identified in the APP gene that 
co-segregate with affected individuals in FAD pedigrees 
(reviewed in 1). Although multiple APP transgenic mice have 
been generated in attempts to develop animal models of AD 
(reviewed in 25; see also 26-28), the molecular mechanisms 
involved in altered APP metabolism and Ap deposition in 
individuals with FAD-linked mutations in APP have not been 
fully clarified. The present report provides insight into the effects 
of the APPk670N/M67IL and APPv7i7i FAD mutations on APP 
metabolism and AP production in an in vivo setting that mimics 
the conditions occurring in individuals with the FAD mutations. 
We have generated lines of transgenic mice that contain the entire 
human APP gene carried on a 650 kbp YAC widi the 
APPk670N/M671L mutation, the APPv7i7i mutation or both 
mutations together. In these mice mutant human APP transcripts 
and protein(s) are expressed in spatial and temporal patterns 
similar to the endogenous mouse pixxiucts in both brain and 
peripheral tissues. Western blot analysis and sensitive ELIS As of 
whole brain homogenates demonstrated that in mice expressing 
APPk670N/M671L cell^associated C-terminal APP fragments 



containing the Ap domain and AP peptides were elevated 
concomitant with a reduction in the levels of release of 
a-secretase-cleaved APP products. Mice expressing APPv7i7i, 
on the other hand, accumulated elevated levels of longer 
AP 1-42(43) species in the brain. 

One additional consideration in these YAC transgenic 
experiments is the presence of an additional gene(s) carried on the 
APP YAC that might alter the effect of the FAD mutations when 
expressed at dosage imbalance. Initial experiments with exon 
trapping from the 650 kbp APP YAC revealed the presence of five 
additional exons that do not encode for APP (J J.Yeh, B.T.Lamb 
and J.D.Gearhart, unpublished observations). While four of 
theses exons did not reveal substantial identity with sequences in 
the database, one trapped exon of 103 nt revealed complete 
identity with bp 167-269 (exon 2) and amino acid residues 1-25 
of the human transcription factor GABPA {E4TF1~60) gene 
(GenBank accession no. D 133 18), consistent with the 
localization of this gene to chromosome 21q21.2 (31,32). This 
transcription factor contains an ets-related DNA binding domain 
which binds to DNA at CGGAAA/G sequences and forms 
heterodimers with other polypeptides (33). Although it remains 
unclear whether the entire GABPA gene is present on the 650 kbp 
APP YAC, the biochemical abnormalities observed in the mutant 
APP YAC transgenic mice likely reflect a property unique to the 
mutant APP polypeptide and not dosage imbalance for GABPA, 
as we have generated both wt and mutant APP YAC transgenic 
mice that express APP at a similar level (i.e. wt line Py8.9 and 
mutant line Jl.96). 

In summary, our results suggest that in vivo both FAD 
mutations influence APP processing in a manner leading to 
increased levels of the highly amyloidogenic peptide 
AP 1^2(43); mice expressing APPk670N/M67I accumulate 
mcreased levels of all AP peptides, while mice expressing 
APPv7i7l selectively accumulate elevated levels of Api-42(43). 
In view of in vitro aggregation and immunocytochemical studies 
which have suggested that Apl-*2(43) is highly amyloidogenic 
and deposited early in the disease process, we are enthusiastic that 
the APP YAC mice described herein will develop amyloid 
deposits and associated lesions, as has been described in mice 
expressing other FAD-linked APP transgenes (26-28). In 
addition, these YAC transgenic mice will allow an acciuate 
examination of the effects of the FAD mutations on APP 
processing in a variety of cell types (neurons, astrocytes, glia, 
blood vessels, etc.) as well as on alterations in neuronal 
physiology and behavior throughout aging. Finally, our results 
suggest that the YAC transgenic strategy will allow the stringent 
testing of the roles of the early onset presenilin FAD mutations in 
amyloidogenesis and examine the potential interactive effects of 
the different early onset FAD gene mutations. 

MATERIALS AND METHODS 

YAC manipulations 

A human APP genomic sub-library was constructed by 
pulsed-field gel electrophoresis fractionation and isolation of the 
650 kbp APP YAC, followed by digestion with Sad and ligation 
into &cl-digested X phage ZAPH (Stratagene). Exon 16 and 17 
APP genomic clones were isolated by screening the sub-library 
with a 229 bp exon 16 (9) and a 319 bp exon 17 product (13), 
yielding 4.2 and 3.5 kbp genomic clones respectively. Clones 
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were converted to plasmids and -striction tnaps gene^^^ 

fragment containing exon 17 ^«^.^^p°,_ mutations were 
(S,m.agene).The APPk670N/M671^^^^ ^tively 

recombinauon plasnud p680 ^P^^'^^^f. _f mutations 
Hopkins Medical Institutions) and Uie p^n^ of themu 
confirmed by DNA sequencmg AccI site ^^^^^ 
exon 17 genomic clone was converted to a irul site oy uic 

°'p^;Tds containing the — geniz^ seq^nc« were 
linearized withSmI.whichcu^upstjeam^^botfiex^^^^^ 

and introduced into ^^'^J^^.^^'^-^l^lJofih^ 
replacement in yeast as descnl^ ^^^Son^Tgestion of 
mutations w^c^^nr^^b^^^^ 

r?s^^^a;^f Muta^^^^^ -r-.reS 

(FMC) to concentrate the YAC DNA (34). 



Cell culture and blastocyst injections 

Jl Odndlv provided by RJaenisch, The Whitehwd Institute) and 
RlSyp^ovWedbyJJlossant,UnivcrsityofToronto)E^^ 
wlS^Sed by standanl techniques, grown on mitoucally 
SvaS^pr^^embryonic fibroblasts m^^^^^^^^^ 

leukemia inhibitory factor. For f,,^, ,7?!^^ 

DNA was gendy . mixed with 50 Hg hpofecuii (BRL) 
^tsty^ne mbes'and allowed to complex foj^^ "im 

aSd matings of the resultant chimeras were ^^^fj ^^^I^J^^J 

-^•^.'^-^^^^^^^^^^ 

variety of probes as previously described P). 



RNA and protein analysis 

RNA was isolated from ES ceUs and '"O"^^^'^ ^.IrnlS 
was performed for the first six exons or acroM die alternatively 
^UcKxons of mouse/human APP as descnbedprevio^^ 
iSotein extracts and immunoblots were P^^Pai^ ^^^^ 
(17,36). Sandwich ELISAs ^^^'S^^" ^^^^ ^^"^ 
Api-42(43) were performed as described 
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ABBREVIATIONS 

AB B-amvloid- ABl^2(43), Ap extending to residue 42 or 43; 

670/671 APPV7I7I. APP with isoleucine for valine substimtion 
Vh Es! embryonic stem; FAD, familial Alzheimer s 
d s^Twt wild- ype; YAC. yeast artificial chromosome. 
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NOTE ADDED IN PROOF 

Recently, the entire human APP gene was sequenced (37) and 

found to consist of 286 722 bp. considerably smaUer than 

previous size estimates (5). Analysis of the resulting genomic 

sequence should provide considerable information with regards 

^o^i*^^'*""^ expressed sequences and/or genes suiroundine the 
APP locus. 



